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(57) ABSTRACT

A displaying device includes a substrate, a gate electrode
formed on the substrate, a gate insulating layer, a gate a-Si
region covering the gate electrode, a source metal region, a
drain metal region, a data-line (DL) metal region, a passiva-
tion layer and a conductive layer. The gate a-S1 region 1s
formed on the gate msulating layer. The source and drain
metal regions are formed on the gate a-S1 region. The DL
metal region 1s formed on the gate insulating layer and sepa-
rated from the drain metal region at an interval. The passiva-
tion layer formed on the gate insulating layer covers the
source, drain, and DL metal regions. The first and second vias
of the passivation layer expose partial surfaces of the DL and
drain metal regions respectively. The conductive layer formed
on the passivation layer covers the first and second vias for
clectrically connecting the DL and drain metal regions.

14 Claims, 6 Drawing Sheets
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DISPLAYING DEVICE WITH
PHOTOCURRENT-REDUCING STRUCTURE
AND METHOD OF MANUFACTURING THE
SAME

This application claims the benefit of Tatwan application
Serial No. 94118073, filed Jun. 1, 2003, the subject matter of
which 1s incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The mvention relates 1n general to a displaying device and
a method of manufacturing the same, and more particularly to
a displaying device with photocurrent-reducing structure and
a method of manufacturing the same.

2. Description of the Related Art

Normally, displaying devices such as thin film transistor
LCD devices (TFT LCD) are manufactured according to a
five-mask manufacturing process. However, during which
process, the amorphous silicon (a-S1) layer 1s photosensitive
and 1s likely to generate photocurrent and cause photocurrent
leakage after being exposed to the light.

Referring to FIG. 1, a partial cross-sectional view ofa TFT
LCD device formed according to a conventional five-mask
manufacturing process 1s shown. The array formed according
to a conventional five-mask manufacturing process includes a
gate electrode 11 formed by a first metal layer and disposed
on a substrate, a gate insulating layer 13 made of silicon
nitride, a gate electrode a-Si1 layer 15, an n+ a-S1 layer 16 and
a source electrode 17 formed by a second metal layer as
shown 1n FIG. 1. A backlight module 1s disposed below the
substrate to provide the displaying device with a light source.
The photosensitivity of a-S1 has already been taken into con-
sideration when designing the five-mask manufacturing pro-
cess of a TFT device, and the pattern of the a-S1 layer 15 1s
designed to be indented 1nto the gate electrode 11. That 1s, the
gate electrode a-S1layer 15 can be completely blocked by the
gate electrode 11 to reduce photocurrent leakage. However,
part of the light would still be projected onto the gate elec-
trode a-S1 layer 15 via a reflection path, causing undesired
photocurrent leakage. The reflection path 1 illustrates the
reflection of the light between the first metal layer and the
second metal layer as shown 1n arrows of FIG. 1.

In a four-mask manufacturing process, the a-S1 layer and
the second metal layer are formed 1n the same layer mask, so
the a-S1 layer exists under the pattern of the second metal

ayer. That 1s, the pattern of the a-S1 layer can not be indented
in the first metal layer. When the light of the backlight module
1s projected onto the second metal layer from behind the first
metal layer, the light directly 1s projected onto the a-S1 layer,
causing even higher photocurrent leakage than the structure
manufactured according a five-mask manufacturing process.

SUMMARY OF THE INVENTION

It 1s therefore an object of the mvention to provide a dis-
playing device and a method of manufacturing the same for
reducing photocurrent leakage of displaying device.

The mvention achieves the above-1dentified object by pro-
viding a displaying device at least including a substrate, a gate
clectrode, a gate insulating layer, a g-aS1 region, a source
metal region, a drain metal region, a data-line (DL) metal
region, a passivation layer and a conductive layer. The gate
clectrode 1s formed on the substrate, and the gate imsulating
layer covers the gate electrode. The g-aSi1 region 1s formed on
the gate insulating layer and correspondingly positioned
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above the gate electrode. The source metal region and a drain
metal region are formed on the g-aSi1 region. The DL metal
region 1s formed on the gate mnsulating layer and separated
from the drain metal region at an interval. The passivation
layer 1s formed on the gate insulating layer and covers the
source metal region, the drain metal region and the DL metal
region. The passivation layer includes a first via and a second
via for respectively exposing partial surfaces of the DL metal
region and partial surfaces of the drain metal region. The
conductive layer 1s formed on the passivation layer and covers
the first via and the second via for electrically connecting the
DL metal region and the drain metal region.

The mvention achieves the above-identified object by fur-
ther providing a manufacturing method of a displaying device
at least including the following steps of: forming a gate elec-
trode on a substrate; forming a gate insulating layer for cov-
ering the gate electrode; forming a g-aS1 region on the gate
insulating layer, the g-aS1 region being correspondingly posi-
tioned above the gate electrode; forming a source metal
region, a drain metal region and a data-line (DL ) metal region
above the gate insulating layer, the DL metal region being
separated from the drain metal region at an 1nterval; forming
a passivation layer on the gate insulating layer and covering
the source metal region, the drain metal region and the DL
metal region; forming a first via and a second via on the
passivation layer for respectively exposing partial surfaces of
the DL metal region and partial surfaces of the drain metal
region; and forming a conductive layer on the passivation
layer and covering the first via and the second via for electri-
cally connecting the DL metal region and the drain metal
region.

Other objects, features, and advantages of the mvention
will become apparent from the following detailed description
of the preferred but non-limiting embodiments. The follow-
ing description 1s made with reference to the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 (Related Art) 1s a partial cross-sectional view of a
TFT LCD device formed according to a conventional five-
mask manufacturing process;

FIG. 2A-2] illustrate a manufacturing method of a TFT
displaying device according to a first embodiment of the

imnvention; and

FIG. 3A~3H illustrate a manufacturing method of a TFT
displaying device according to a second embodiment of the
invention.

DETAILED DESCRIPTION OF THE INVENTION

The invention modifies the manufacturing process of a
displaying device such as a TF'T displaying device. The elec-
trode and the data-line are disconnected first and then bridged
via a transparent electrode, so that the electrode 1s indented in
the gate electrode to reduce photocurrent leakage.

The mvention 1s exemplified by the embodiments dis-
closed below. The first embodiment and the second embodi-
ment respectively explain how to use the five-mask manufac-
turing process and the four-mask manufacturing process to
manufacture a photocurrent-reducing TF'T displaying device
and the method of manufacturing the same. However, the
embodiments disclosed below are not to limit the scope of
protection of the invention. The technology of the invention 1s
not limited to the modes disclosed in the embodiments.



US 8,581,259 B2

3

Besides, non-critical devices are omitted 1n the drawings to
make the embodiments of the invention prominent.

First Embodiment

Refer to FIG. 2A-2], which illustrate a manufacturing
method of a TFT displaying device according to a first
embodiment of the invention. In the first embodiment, a five-
mask manufacturing process 1s employed to manufacture a
displaying device.

Atfirst, a substrate 20 1s provided, and a first metal layer 21
1s formed on the substrate 20 as shown 1n FIG. 2A. Next, the
first metal layer 21 1s patterned to form a gate electrode 211,
and a gate insulating layer 22 1s formed on the substrate 20
and covers the gate electrode 211 as shown 1 FIG. 2B.

Then, an a-S1 layer 23 1s formed on the gate insulating
layer, and a doped a-S1 layer (such as n+ a-Si1 layer) 24 1s
formed on the a-S1 layer 23 as shown 1n FIG. 2C. Next, the
doped a-S1layer 24 and the a-S1 layer 23 are patterned to form
a doped g-aS1 region 241 and a g-aS1 region 231, which are
correspondingly positioned above the gate electrode 211, as
shown 1n FIG. 2D.

Afterwards, a second metal layer 25 1s formed on the gate
isulating layer 22 and covers the g-aSi1 region 231 and the
doped g-aSi1 region 241 as shown 1n FIG. 2E.

Next, the second metal layer 25 1s patterned to form a
source metal region 251, a drain metal region 252 and a DL
metal region 253. A channel region 26 exists between the
source metal region 2351 and the drain metal region 252 which
are separated at an 1nterval from each other as shown 1n FIG.
2F.

Then, a passivation layer 27 1s formed on the gate imsulat-
ing layer 22 and covers the source metal region 251, the drain
metal region 252 and the DL metal region 253, as shown in
FIG. 2G.

Next, a first via 271 and a second via 272 are formed on the
passivation layer 27 for respectively exposing partial surfaces
of the DL metal region 253 and partial surfaces of the drain
metal region 252 as shown 1n FIG. 2H.

At last, a conductive layer 29 1s formed on the passivation
layer 27 covers the first via 271 and the second via 272 for
clectrically connecting the DL metal region 253 and the drain
metal region 252 as shown in FI1G. 21. The conductive layer 29
can be made of indium tin oxide (ITO) for mstance.

FI1G. 211s a top view of a TFT displaying device according

to the first embodiment of the mvention. FIG. 2] 15 a cross-
sectional view of the TFT displaying device along the line
A-A'of FIG. 21. In the first embodiment, as shown 1n FIG. 21,
the source metal region 251 1s coupled to a pixel electrode
254, the DL metal region 233 1s coupled to a data line 255 and
the gate electrode 211 1s coupled to a gate line 256. The DL
metal region 253 and the drain metal region 252 are electri-
cally 1solated, that 1s, the second metal layer 25 1s discon-
nected first, and then the conductive layer 29 1s used to bridge
the disconnection. When the light 1s projected forward from
below the substrate 20, the light can pass through directly as
shown 1n the arrows of FIG. 2], avoiding the conventional
metal reflection problem as shown 1n FIG. 1. This 1s because
the g-aS1 region 231 has already been indented 1n the gate
clectrode 211, the DL metal region 253 and the drain metal
region 252 do not have the second metal layer 25 to create
reflection and that the I'TO used to electrically connect the DL
metal region 253 and the drain metal region 252 is a trans-
parent material. Therefore, the TFT displaying device manu-
factured according to the five-mask manufacturing method of
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the first embodiment and the method of making the same
elfectively reduce photocurrent leakage.

Second Embodiment

Refer to FIGS. 3A~3H, which 1llustrate a manufacturing
method of a TFT displaying device according to a second
embodiment of the invention. In the second embodiment, a
four-mask manufacturing process 1s employed to manufac-
ture a displaying device. Besides, the same devices used in
both the second embodiment and the first embodiment follow
the same labeling

At first, a substrate 20 1s formed, and a first metal layer 21
1s formed on the substrate 20 as shown 1n FIG. 3A. Next, the
firstmetal layer 21 1s patterned to form the gate electrode 211,
and a gate 1nsulating layer 22 1s formed on the substrate 20
and covers the gate electrode 211 as shown 1n FIG. 3B. Then,
an a-S1 layer 23 1s formed on the gate insulating layer, and a
doped a-S1 layer such as an n+ a-S1 layer 24 for instance 1s
formed on the a-S1 layer 23 as shown 1n FI1G. 3C.

Afterwards, a second metal layer 25 1s formed on the doped
a-S1 layer 24 as shown 1 FIG. 3D. Next, the second metal
layer 235, the doped a-S1 layer 24 and the a-Si1 layer 23 are
patterned to form a source metal region 251, a drain metal
region 252, a DL metal region 253, a doped g-aSiregion 241,
adoped DL-aS1 region 242, the g-aSiregion 231 and data-line
a-S1 region 232, as shown 1n FIG. 3E.

In FIG. 3E, a channel region 26 exists between the source
metal region 251 and the drain metal region 252, and the
source metal region 251 and the drain metal region 252 are
correspondingly formed above the gate electrode 211. The
DL metal region 253 and the drain metal region 252 are
separated at an interval from each other. The data-line a-Si1
region 232 1s formed below the DL metal region 253 and
corresponds to the width of the DL metal region 253.

Then, a passivation layer 27 1s formed on the gate insulat-
ing layer 22 and covers the source metal region 251, the drain
metal region 252 and the DL metal region 253 as shown in
FIG. 3F.

Next, afirstvia 271, a second via 272 and a third via273 are
formed on the passivation layer 27 for respectively exposing
partial surfaces of the DL metal region 253, the drain metal
region 252 and the source metal region 251 as shown 1n FIG.
3G.

At last, a conductive layer 29 1s formed on the passivation
layer 27 and covers the first via 271, the second via 272 and
the third via 273. The second via 272 and the third via 273
respectively formed on the drain metal region 252 and the
source metal region 251 are electrically 1solated as shown 1n
FIG. 3H. The conductive layer 29 can be made of indium tin
oxide (ITO) for instance.

FIG. 3H 1s a cross-sectional view of a TFT displaying
device according to the second embodiment of the invention.
In the second embodiment, the DL metal region 2353 and the
drain metal region 252 are electrically 1solated; that 1s, the
second metal layer 23 1s disconnected first. The conductive
layer 29 1s then used to bridge the disconnection. The DL
metal region 253 and the drain metal region 252 are electri-
cally connected, but the drain metal region 252 and the source
metal region 251 are electrically 1solated. When the light 1s
projected forward from below the substrate 20, the light can
pass through directly as shown in the arrows of FIG. 3H,
avoiding the conventional metal reflection problem as shown
in FIG. 1. This 1s because the g-asi region 231 has already
been indented 1n the gate electrode 211, the DL metal region
2353 and the drain metal region 252 do not have the second
metal layer 25 to create reflection and that the I'TO used to
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clectrically connect the DL metal region 253 and the drain
metal region 252 1s a transparent material. Therefore, the TE'T
displaying device manufactured according to the five-mask
manufacturing method of the second embodiment and the
method of making the same effectively reduce photocurrent
leakage.

While the invention has been described by way of example
and 1n terms of a preferred embodiment, 1t 1s to be understood
that the invention 1s not limited thereto. On the contrary, 1t 1s
intended to cover various modifications and similar arrange-
ments and procedures, and the scope of the appended claims
therefore should be accorded the broadest interpretation so as
to encompass all such modifications and similar arrange-
ments and procedures.

What 1s claimed 1s:

1. A displaying device, comprising:

a substrate;

a gate electrode formed on the substrate;

a gate msulating layer covering the gate electrode;

a gate amorphous silicon region (g-aS1) formed on the gate
insulating layer and correspondingly positioned above
the gate electrode;

a source metal region and a drain metal region formed on
the g-aS1 region;

a data-line (DL) metal region directly connecting with a
data line and formed on the gate insulating layer,
wherein the DL metal region 1s separated from the drain
metal region at an interval;

a passivation layer formed on the gate mnsulating layer and
covering the source metal region, the drain metal region
and the DL metal region, wherein the passivation layer
comprises a lirst via and a second via for respectively
exposing partial surfaces of the DL metal region and
partial surfaces of the drain metal region; and

a continuous conductive layer formed on the passivation
layer and covering the first via and the second via such
that the DL metal region 1s electrically connected to the
drain metal region via the continuous conductive layer.

2. The displaying device according to claim 1, further
comprising a doped g-aSi1 region formed on the g-aSi region
and located under the source metal region and the drain metal
region.

3. The displaying device according to claim 1, wherein an
area of the g-aS1 region 1s smaller than an area of the gate
clectrode positioned therebelow.

4. The displaying device according to claim 1, wherein the
gate msulating layer comprises a silicon nitride layer.

5. The displaying device according to claim 1, wherein the
conductive layer comprises an indium tin oxide (ITO) layer.

6. The displaying device according to claim 1, further
comprising a data-line a-S1 region, wherein the DL metal
region 1s formed on the data-line a-S1 region.

7. The displaying device according to claim 6, further
comprising a doped DL-aS1 region between the DL metal
region and the data-line a-S1 region.

8. The displaying device according to claim 6, wherein the
passivation layer further comprises a third via for exposing
partial surfaces of the source metal region.

9. The displaying device according to claim 6, wherein the
conductive layer further covers the third via, and the second
via and the third via are electrically 1solated.

10. A displaying device, comprising;:

a substrate;

a gate electrode formed on the substrate;

a gate msulating layer covering the gate electrode;
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6

a gate amorphous silicon region (g-aS1) formed on the gate
insulating layer and correspondingly positioned above
the gate electrode;

a source metal region and a drain metal region formed on
the g-aS1 region;

a data-line (DL) metal region directly connecting with a
data line and formed on the gate insulating layer,
wherein the DL metal region and the drain metal region
are located at the same side of the source metal region
and the DL metal region i1s separated from the drain
metal region at an interval;

a passivation layer formed on the gate insulating layer and
covering the source metal region, the drain metal region
and the DL metal region, wherein the passivation layer
comprises a first via and a second via for respectively
exposing partial surfaces of the DL metal region and
partial surfaces of the drain metal region; and

a conductive layer formed on the passivation layer and
covering the first via and the second via for electrically
connecting the DL metal region and the drain metal
region.

11. A displaying device, comprising:

a substrate;

a gate electrode formed on the substrate;

a gate msulating layer covering the gate electrode;

a gate amorphous silicon region (g-aS1) formed on the gate
insulating layer and correspondingly positioned above
the gate electrode;

a source metal region and a drain metal region formed on
the g-aS1 region, wherein the drain metal region 1s com-
pletely overlapped with the gate electrode;

a data-line (DL ) metal region, wherein the DL metal region
1s separated from the drain metal region at an interval;

a passivation layer formed on the gate insulating layer and
covering the source metal region, the drain metal region
and the DL metal region, wherein the passivation layer
comprises a lirst via and a second via for respectively
exposing partial surfaces of the DL metal region and
partial surfaces of the drain metal region; and

a continuous conductive layer formed on the passivation
layer and covering the first via and the second via such
that the DL metal region 1s electrically connected to the
drain metal region via the continuous conductive layer.

12. A displaying device, comprising:

a substrate;

a gate electrode formed on the substrate;

a gate msulating layer covering the gate electrode;

a gate amorphous silicon region (g-aS1) formed on the gate
insulating layer and correspondingly positioned above
the gate electrode;

a source metal region and a drain metal region formed on
the g-aS1 region, wherein the drain metal region 1s com-
pletely overlapped with the gate electrode;

a data-line (DL ) metal region, wherein the DL metal region
and the drain metal region are located at the same side of
the source metal region and the DL metal region 1is
separated from the drain metal region at an interval;

a passivation layer formed on the gate insulating layer and
covering the source metal region, the drain metal region
and the DL metal region, wherein the passivation layer
comprises a lirst via and a second via for respectively
exposing partial surfaces of the DL metal region and
partial surfaces of the drain metal region; and

a conductive layer formed on the passivation layer and
covering the first via and the second via for electrically
connecting the DL metal region and the drain metal
region.
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13. A displaying device, comprising:

a substrate;

a gate electrode formed on the substrate;

a gate insulating layer covering the gate electrode;

a gate amorphous silicon region (g-aS1) formed on the gate
isulating layer and correspondingly positioned above
the gate electrode;

a source metal region and a drain metal region formed on

the g-aS1 region, wherein the source metal region 1s
directly connected to a pixel electrode;

a data-line (DL) metal region directly connecting with a
data line and formed on the gate insulating layer,
wherein the DL metal region 1s separated from the drain
metal region at an interval;

a passivation layer formed on the gate msulating layer and
covering the source metal region, the drain metal region
and the DL metal region, wherein the passivation layer
comprises a lirst via and a second via for respectively
exposing partial surfaces of the DL metal region and
partial surfaces of the drain metal region; and

a continuous conductive layer formed on the passivation
layer and covering the first via and the second via such
that the DL metal region 1s electrically connected to the
drain metal region via the continuous conductive layer.
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14. A displaying device, comprising:

a substrate;

a gate electrode formed on the substrate;

a gate msulating layer covering the gate electrode;

a gate amorphous silicon region (g-aS1) formed on the gate
insulating layer and correspondingly positioned above
the gate electrode;

a source metal region and a drain metal region formed on
the g-aS1 region;

a data-line (DL ) metal region being a part of a data line and
formed on the gate insulating layer, wherein the DL
metal region 1s separated from the drain metal region at
an interval;

a passivation layer formed on the gate insulating layer and
covering the source metal region, the drain metal region
and the DL metal region, wherein the passivation layer
comprises a {irst via and a second via for respectively
exposing partial surfaces of the DL metal region and
partial surfaces of the drain metal region; and

a continuous conductive layer formed on the passivation
layer and covering the first via and the second via such
that the DL metal region 1s electrically connected to the
drain metal region via the continuous conductive layer.
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